The crystal structure of some m olecular complexes of 4:4'-dinitrodiphenyl 
A general idea of the type of structure to which all these complexes approximate may be given as follows. The dinitrodiphenyl molecules pack in face-centred array as shown, for example, in figure 1 (d), and each molecule shown in the diagram represents several such molecules lying one above another, parallel to one another and separated by 3*7 A. In a continuous arrangement of this type long tubular cavities are left running through the structure, and the other component molecules of the complex, which are afterwards often referred to in this paper as the character istic molecules, occupy these cavities and are seen end-on in the figure. The ratio of the number of dinitrodiphenyl molecules to the number of characteristic molecules in the complex thus depends on the length of the characteristic molecules, rather than on chemical considerations.
Cr y s t a l l o g r a p h y
The complexes were all prepared and analyzed in a similar manner, which is described elsewhere (Rapson et al. 1947) . Suitable crystals were grown by slowly cooling a solution of the complex in acetone containing a slight excess of the more soluble component. The crystallographic details are summarized in table 1. The directions of the principal refractive indices for the complexes (D), (E) and (F) in the unit cells are very similar to those for the complex (A), shown in figure 1 of part I, with the exception that a is parallel to and y perpendicular to c in each case. The monoclinic angles, /?, were determined from Weissenberg photo graphs taken with the crystals rotating about the symmetrical axes.
T a b l e 1 complex
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The oscillation photographs for the complexes (E) and (F) are abnormal, and a large number of the spots on these photographs are diffuse and elongated in the b -direction instead of being sharply defined. These diffuse spectra are possibly the result of periodic errors in the structure, of a nature discussed in detail in another paper (James & Saunder 1947) . In oscillation photographs about the c-axis for these two complexes only the 0th, 7th and 14th layer-lines consist of sharply defined spectra; all the other layer-lines consist of diffuse spectra. The layer-lines are evenly spaced for the iodo-complex (E), but are not quite regularly spaced for the bromocomplex (F). Only an approximate value can therefore be assigned to the p-spacing for the complex (F), and there is, of course, no true unit cell for this compound. In this paper, however, this slight irregularity has been disregarded, and the diffuse spectra have been treated as normal spectra and indexed in the usual manner.
For the complex (B) spectra of all types occur and the space-group may be P i or P i. For the complex (C) spectra hkl occur only with h + k even, and hOl occur only with both h and l even; the space-groups Cc and C2/c are therefore possible, but it will be shown from packing considerations th at Cc is the more likely space-group. For both the complexes (E) and (F) spectra hkl occur only with h + k even, hOl only with h even and 0A;0 only with k even; the space-group may therefore be C2 or C2lm, but it will be shown that Cm is the more likely space-group. All these crystals (C), (E) and (F) were so small th at attem pts to distinguish between the space-group possibilities by testing for the piezo-electric effect were unsatisfactory. With the complex (D), however, the space-group is fixed uniquely as P2i/a, since spectra hkl of all types occur, while hOl occur only with h even, and 0&0 only with k even.
T h e s t r u c t u r e s
A comparison of the unit-cell dimensions suggested th at all the complexes described in this paper have structures very similar to th at of the complex (A), which was described in part I. Assuming this similarity and taking into account the symmetry elements of the space-group it was found th a t the molecules could be packed into the unit cells so as to give reasonable structures. These approximate structures were then tested by observation of the strength of the more important spectra and by observation of the diffuse reflexions due to thermal vibrations. Further confirmation was then obtained by taking photographs for the various complexes about structurally equivalent directions; these photographs show very striking similarity.
In this paper the approximate structures will first be described and then com pared with the structure of the complex (A).
The complex with tetramethylbenzidine (B)
The space-group may be either P1 or Pj, and the unit cell contains two of the complex groups [0 2NC6H4C6H4N 0 2]4 [(CH3)2NC6H4C6H 4N(CH3)2]. The approxi mate structure described here neither specifically contains nor excludes a centre of symmetry; it need not be materially altered to fit either space-group. Figure 1 
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shows a projection of the unit cell along a on to the be plane. The tetramethylbenzidine molecules, seen end-on, are shown lying along a and there are two such mole cules, one above the other, in the distance a. Since there is no halving of the unit cell there must, however, be some difference in orientation between successive tetra methylbenzidine molecules in the a-direction. These successive molecules, there fore, are probably inclined differently to the a-axis; they must, however, still lie very nearly in the (Oil) plane in order to account for the very great strength of the spectrum Oil. Each dinitrodiphenyl molecule shown on the projection (figure 1 (a)) represents eight molecules lying parallel to one another and separated by \a or 3*78 A. Of course, if the tetramethylbenzidine molecules are inclined to the a-axis, then the eight dinitrodiphenyl molecules will not lie exactly above one another as shown. In order to account for the great strength of the 011 spectrum they must, however, all lie with the long axes of the molecules very nearly in the (011) plane as shown.
I f the planes of the benzene rings of these molecules are very nearly perpendicular to the (Oil) plane the dinitrodiphenyl molecules will interleave with one another as shown in figure 2 (a), which is a projection of the structure along the axis [Oil] on to the plane (Oil). In this projection the dinitrodiphenyl molecules, lying across the (Oil) planes, are seen end-on, and the tetram ethylbenzidine molecules are seen sideways-on. I t will be seen th a t the dinitrodiphenyl molecules lie in the (16,11) planes; and, as would be expected from such an arrangement, the spectrum 16,11 and the spectra 800 and 811 are found to be very strong. ) shows a projection of the unit cell, which is c face-centred, along 6 on to the ac plane, which is also a glide plane with translation Jc. The benzidine molecules lie along 6 and are thus seen end-on. Each dinitrodiphenyl molecule shown on the projection represents four molecules lying parallel to one another and separated by or 3-71 A. These dinitrodiphenyl molecules must all lie with their long axes very nearly in the (402) planes, while the benzidine molecules must lie almost wholly in these planes; this is necessary in order to account for the very great strength of the 402 spectrum. I t will be seen from figure 2(b), which is a projection of the structure along the axis [102] on to the ab plane, th a t the dinitrodiphenyl molecules lie parallel to the ac plane and are contained by the planes midway between the planes (080); this is necessary in order to account for the great strength observed for the spectrum 080, as well as for the spectra 241 and 241. W ith this arrangement, which is consistent with the space-group Cc, it will be observed (figure 2 ( )) th at the dinitrodiphenyl molecules in adjacent (402) planes interleave with one another. If the space-group were C2/c the twofold axis parallel to b would make it necessary for adjacent dinitro diphenyl molecules in adjacent (402) planes to have the same b co-ordinates, and no interleaving of the molecules is then possible. This would mean a closer than normal approach of the molecules to one another, and the spectrum 040 should then be strong, whereas it is actually very weak indeed, as would be expected from the arrangement shown in figure 2 (6).
The complex with dihydroxydiphenyl (D)
The space-group is P2 ia, and the unit cell contains four of the complex groups [0 2NC6H 4C6H 4N 0 2]3[0HC6H4C6H 40H ]. Figure 1(c) shows a projection of the unit cell along c on to the ab plane; the symmetry elements are included in the diagram. The special positions given to the molecules are the only ones which satisfy the symmetry conditions and at the same time give a structure closely similar to th at of the complex (A), shown in figure 7 of part I. The dihydroxydiphenyl mole cules seen end-on are shown lying directly along c, but the length of this axis (11 • 3 A) is not sufficient for this, since the length of a dihydroxydiphenyl molecule, allowing for the approach of the next molecule and even assuming hydrogen bonding between adjacent OH groups, is approximately 12*8 A. These molecules must, therefore, be inclined to c, but, in order to account for the very great strength of the 040 spectrum, they must lie almost wholly in the planes midway between the (040) planes, as shown.
Each dinitrodiphenyl molecule shown in figure 1 (c) represents three molecules lying parallel to one another and separated by or 3-76 A. Since the dihydroxy diphenyl molecules are inclined to c, the dinitrodiphenyl molecules cannot lie, as shown, directly one above the other; in order to account for the great strength of the spectrum 040, however, they must lie with their long axes very nearly midway between the (040) planes. These molecules do not lie parallel to the ab plane, but, as for the complex (A), are probably inclined to it so that their lengths lie in the (206) planes. This is shown in figure 2 (c), which is a projection of the structure along the axis [301] on to the be plane; the dinitrodiphenyl molecules are then seen end-on and the dihydroxydiphenyl molecules sideways-on. The c co-ordinates of the dinitrodiphenyl molecules were chosen in the only possible way to account for the great strength of the spectra 113 and 113; it was then found th a t in order to get interleaving of the molecules, and consequently better packing, it was necessary th at they should be inclined to the (206) planes as shown in figure 2 (c). The spectrum 206 should then be very much weaker for the complex (D) than it was for the com plex (A), where the dinitrodiphenyl molecules are practically contained by the (206) planes, and this was found to be the case.
The complexes with iododiphenyl (E) and bromodiphenyl (F)
Except for the irregularity in the spacing of the layer-lines about the c-axis for the bromo-complex, the dimensions of the two crystal cells are the same within the errors of measurement. The unit cells contain two of the complex groups [0 2NC6H4C6H4N 0 2]7 [IC6H 4C6H 5]2 or [0 2NC6H 4C6H 4N 0 2]v [BrC6H4C6H 5]2, and the space-group may be Cm, C2 or C2/m. The face-centring of the structure already accounts for the presence of two complex groups in the unit cell; if there were to be a twofold axis as well, the molecules would have to lie in special positions in order to avoid a further doubling. We need consider only the polar bromo-or iodomolecules. As these molecules lie with their lengths nearly along c and with two molecules in the distance c, they must be so arranged th a t the one molecule is derived from its neighbour by operation of the twofold axis, which must be parallel to 6. This means th at the molecules must lie so th a t the bromine or iodine atoms are alternately adjacent to and opposed to one another; pairs of bromine or iodine atoms are then spaced along c a t intervals of approximately 25*8 A instead of being spaced singly at intervals of 12*7 to 12'9 A as they would be if the molecules lay end to end. Now, the arrangement of the layer-lines on rotation photographs for the bromocomplex about the c-axis is such as would appear if a set of planes of spacing 3-69 A (probably corresponding to the dinitrodiphenyl molecules) had been modified by some periodic distribution (probably corresponding to the bromodiphenyl mole cules) repeating itself in a distance 12-7 A in the direction of the c-axis. A similar arrangement involving a modifying distribution with a repeat of 12-9 A, will explain corresponding photographs for the iodo-complex. This question is fully discussed in the following paper by James & Saunder (1947) on p. 518. I t appears likely, therefore, that in both these complexes the bromo-or iododiphenyl molecules lie end to end approximately along c; the possibility of a twofold axis is then excluded, and the space-group is probably Cm, which is the same space-group as th at possessed by the complex (A).
Figure 1 (d) shows a projection of the structure of these complexes along c on to the ab plane. The iodo-or bromodiphenyl molecules lying along c are seen end-on, and there are two molecules in the distance c. Each dinitrodiphenyl molecule represents seven molecules lying parallel to one another and separated by \c or 3-69 A. If the space-group is Cm, in order to avoid doubling the number of complex groups in the unit cell, it is necessary for the iodo-or bromodiphenyl molecules to lie exactly in the mirror planes (020) and for the dinitrodiphenyl molecules to lie across these mirror planes as shown. This was also the case for the complex (A) and is supported by the very great strength of the spectrum 020. I t will be seen from figure 2 (d), which is a projection of the unit cell along the axis [701] on to the be plane, th at the dinitrodiphenyl molecules lie practically in the planes (20, 14) ; this is necessary in order to account for the great strength of the spectra 20,14, 117 and ll7 . e r a l c o m p a r is o n a n d c o n f ir m a t io n o f t h e s t r u c t u r e s The structures of the complexes described here are all of the same general type as th a t of the complex (A). This is particularly apparent if figure 7 of part I is compared with figure 1 (a) to (d) in this paper. These are projections of the structures of the complexes (A), (B), (C), (D) and (E) or (F) along the axes c, a, b, c and c respectively. Comparative photographs taken with the different crystals mounted about these axes show very great similarity indeed; Weissenberg photographs, showing only the zero layer-line, and taken with the crystals rotating about these axes, are reproduced in figure 3, plate 22. Further photographs taken with the crystals rotating about other structurally equivalent axes also show considerable similarity.
G e n
In all these structures the dinitrodiphenyl molecules lie across one of the crystal planes while the characteristic molecules lie in this plane with their lengths nearly normal to the planes of the benzene rings of the dinitrodiphenyl molecules. These crystal planes are, for the complexes (A), (B), (C), (D), and (E) or (F) respectively, the planes (020), (Oil), (402), the planes midway between (040), and the planes (020) (see figure 7 of part I and figure 1 (a) to (d) in this paper). These planes contain, therefore, a very large number of atoms, namely, four carbon and two nitrogen atoms for each dinitrodiphenyl molecule, and all the atoms in the characteristic molecule. It is found that in every case the spectrum arising from these planes is exceedingly strong, and is the strongest spectrum appearing in each photograph of figure 3, plate 22. The fourth order spectrum for these planes, namely, the spectrum 080, 044, 16,08, 0,16,0 and 080 for the complexes (A), (B), (C), (D), and (E) or (F) respectively, is also found to be very strong indeed; this is to be expected, since all the atoms of the dinitrodiphenyl molecules now have a nearly maximum contri bution (see figure 1 (a) to (d) ).
The separation of the equivalent planes (020), (011), (402), (040) and (020), in the complexes (A), (B), (C), (D), and (E) or (F) respectively, should be very similar and is found to be always about 4-7 A (see table 2 ). The distance between the characteristic molecules, lying in these planes, which are separated from one another by dinitrodiphenyl molecules should also be similar and is found to be always about 20 A (again see table 2).
In all these complexes the characteristic molecules lie approximately along one of the principal axes, namely the c, a, b, c and c axes, for the complexes (A), (B), (C), (D), and (E) or (F) respectively and are nearly normal to all the dinitrodiphenyl molecules, which are separated by approximately 3-7 A in this direction. The length of this axis must, therefore, be sufficient to accommodate the right number of dinitro diphenyl molecules and should be comparable with the length of the characteristic molecule. This is shown to be the case in table 2. As with the complex (A), described in part I, pronounced diffuse reflexions, due to thermal vibrations, have been observed for all these complexes and provide a useful check on the proposed structures. The strongest circular diffuse reflexions are found to accompany the spectra 800 and 811, 241 and 241, 113 and 113, and 117 and 117 for the complexes (B), (C), (D), and (E) or (F) respectively. The directions of the planes corresponding to these spectra have been drawn in on figure 2 (a) to ( ), and will be seen to be nearly parallel to the planes of the benzene rings of the dinitrodiphenyl molecules. The strongest diffuse streaks are found to accompany the spectra 055, 11,10, 10,01 and 10,01 for the complexes (B), (C), (D), and (E) or (F) respectively. The direction of the pianes producing these spectra have been drawn in on figure 1 (a) to (d) and will be seen to be nearly perpendicular to the lengths of the dinitrodiphenyl molecules.
Further confirmation of the relation between the structures of the complexes (A), (D), (E), and (F) is given by the similarity both in direction and magnitude, of the principal refractive indices (see table 1 ).
The bonding
In the detailed analysis of the complex (A), described in p art I, it was shown th a t all the molecules are approximately equally spaced from one another and the closest intermolecular distances of approach are about 3-2 to 3-6 A. These distances are of the same order as those observed in crystals of ordinary aromatic nitro-compounds, bonding in which is generally attributed to ordinary van der Waals forces.
In the complexes described in this paper there is no necessity to assume inter molecular approaches closer than those observed for the complex (A); there is sufficient space in the unit cell in each case for the molecules to pack quite normally. This is reflected in the densities of the crystals, which are all of the same order as th a t for the complex (A).
In all these complexes, there is therefore no evidence for localized bonding between the units in the crystal structure; and the molecular ratios in which the components unite seems to be determined solely by geometrical considerations, the type of structure being such that the number of dinitrodiphenyl molecules that can be accommodated for each characteristic molecule depends on the length of this molecule. In a previous paper (Rapson et al. 1947) , where also the question of bonding is more fully discussed, this condition has been shown to hold for several other complexes in this series.
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